We report the case of a 34-year-old man with pulsatile tinnitus and a reddish mass in the anteroinferiorquadrant of the m iddle ear. Physical examination and imaging were unable to establish a diagnosis, so an exploratory ty mpanotomy was p erformed. Exploration revealed the presence of an ectatic aberrant internal carotid artery in the middle ear. Aberrations of the internal carotid artery in the middle ear are rare. Even so, our case is unusual in that all initial investigations had failed to establish the diagnosis. This case highlights the limitations of modern imaging techniques in certain situations.
Introduction
The presence of a vascular mass in the middle ear can pose considerable diagnostic problems for the otologist. Most patients so affected present with variable symptoms of pulsatile tinnitus, hearing loss, and aural fullness. Recent advances in medical imaging allow for an accurate diagnosis of most vascular anomalies that affect the temporal bones. However, imaging modalities have their limitations, so a cautious approach is necessary when dealing with a vascular pathology in the middle ear. In this article, we report a case that illustrated some of these limitations.
Case report
A 34-year-old man presented with a history of rightsided pulsatile tinnitus of 4 months' duration. He had no other otologic symptoms. Examination detected a reddish mass in the anteroinferior quadrant of the middle ear that did not appear to be pulsatile. Findings on audiometry and tympanometry were normal.
High-resolution computed tomography ( CT) of the temporal bones in both the axial and coronal planes with 2-mm cuts was performed. The scans revealed that the carotid canal on the affected side was slightly smaller than the canal on the opposite side; CT also suggested some dehiscence of the right carotid canal in the anteroinferior quadrant of the middle ear ( figure  1 ). Because the diagnosis was still unclear, magnetic resonance imaging (MRI) was performed, but it showed that the size and position of the carotid vessels on both sides were normal (figure 2). Next, magnetic resonance angiography (MRA) was requested, and it showed that the internal carotid artery (ICA) on the affected side was significantly smaller than the ICA on the left; MRA also revealed that an area of the right ICA had almost no blood flowing through it (figure 3). Also, there did appear to be prominent collateral circulation on the right.
Because we were still unable to find an explanation for the apparent middle ear mass, we performed an exploratory tympanotomy. We located the red tissue mass in the anteroinferior quadrant of the middle ear and found that it was attached to the promontory. The mass was soft and compressible, and there was little pulsation. Gentle dissection around the mass revealed the presence of a defect in the adjacent promontory, which we identified as the carotid canal. Based on these intraoperative findings, we made a diagnosis of an aberrant ectatic ICA. No further intervention was required, and the patient experienced no postoperative sequelae.
Discussion
Aberrations of the ICA are rare, and only a handful of cases have been reported in the English-language literature. 1 Numerous causes have been proposed to explain the etiology of these aberrations; among them are the absence of a carotid canal2 and the persistence of embryonic vasculature that may pull the ICA into the tympanic cavity. 3 A theory proposed by Bold et al seems to be the most consistent with the facts of our case. 4 Bold et al hypothesized that the formation of an aberrant ICA requires ( 1) a dehiscence of the horizontal intrapetrous portion of the ICA, which is seen in 1 % of the population,5 (2) the absence of the vertical segment of the ICA secondary to regression or a lack of development, and (3) the presence of an alternate vascular route to the horizontal portion of the ICA. The ICA normally develops from the third branchial arch. In the event that the vertical segment of the ICA regresses or does not develop, a communication persists between it and the external carotid artery, which is derived from the Volume 87, Number 4 Figure 3 . MRA shows that the right internal carotid artery is significantly smaller than the left. Also, the right internal carotid artery has an area with almost no blood flowing through it.
second branchial arch. We should note that in our case, the vessel did not appear to be lateral to the vestibular line of Lapayowker, which is a vertical line that extends from the lateral border of the vestibule and defines the presence of an aberrant ICA. 6 We assume that this was why a diagnosis could not be reached prior to the exploratory tympanotomy.
The current gold standard for the assessment of any suspected vascular anomaly of the middle ear is highresolution contrast-enhanced CT in both the axial and coronal planes. Yet even this may fail to differentiate between a highly vascularized glomus tumor and another vascular anomaly.7 If such is the case, MRI and MRA are indicated. Conventional angiography is superior to MRA, which is limited by its flow-related characteristics. 8 However, since conventional angiography is an invasive procedure with an inherent risk, it should be performed only when the diagnosis is unclear or if treatment is planned. 9 The management of an aberrant ICA in the middle ear is not controversial. In fact, in most cases, no treatment is required. 10 This is fortunate because manipulation of an aberrant artery might cause a stroke. 3
Indications for intervention include intractable symptoms (e.g., troublesome tinnitus) and aneurysmal dilation of the aberrant vessel. Some authors have suggested the use of fascia, bone graft, and Silastic sheeting to separate the aberrant vessel from the middle ear; results have been variable. 13 • 14 In our patient, exploration was carried out to confirm the diagnosis of an aberrant www.entjournal.com • 215 ICA, and the procedure was abandoned as soon as confirmation was achieved. feasible for several otologic procedures. With regard to safety, no damage to the nerve structures and soft tissues occurred when these structures were deliberately put into contact with the device.
Histologic comparisons of piezoelectric surgery with saw and bur procedures in animals demonstrated the superiority of piezoelectric surgery in terms of safety, cutting precision, and protection of anatomic structures. 12 • 13 The presence of live osteocytes of normal dimensions and morphology on the cut surfaces confirmed the lesser degree of trauma induced by the piezoelectric cut.
Our findings indicate that the piezoelectric surgery device provides better cutting efficacy than ultrasonic devices that involve magnetostrictive technology, which converts most of the generated energy into heat. 9 -11 Piezoelectric ceramics convert only 30% of energy into heat, so 70% is delivered for cutting power.
We conclude that the piezoelectric device is superior to conventional instruments for performing classic intact canal-wall-up mastoidectomy.
